Although a childhood diagnosis of attention-deficit/ hyperactivity disorder (ADHD) is known to be linked to psychotic experiences and psychotic disorders in later life, the developmental trajectories that could explain this association are unknown. Using a sample from the prospective population-based Avon Longitudinal Study of Parents and Children (ALSPAC) (N = 8247), we hypothesized that the previously reported association of ADHD combined subtype in childhood and psychotic experiences in early adolescence is mediated by traumatic events and by involvement in bullying. Moreover, we expected this mediation to be specific to ADHD and tested this by comparison with specific phobia. Children with ADHD combined subtype at age 7 were more often involved in bullying at age 10 (OR 3.635, 95% CI 1.973-6.697) and had more psychotic experiences at age 12 (OR 3.362, 95% CI 1.781-6.348). Moreover, children who were involved in bullying had more psychotic experiences (2.005, 95% CI 1.684-2.388). Bullying was a significant mediator between ADHD and psychotic experiences accounting for 41%-50% of the effect. Traumatic events from birth to age 11 were also significantly associated with ADHD combined subtype and psychotic experiences; however, there was no evidence of mediation. Specific phobia was significantly associated with psychotic experiences, but not with bullying. To conclude, bullying is a relevant translating mechanism from ADHD in childhood to psychotic experiences in early adolescence. Interventions that eliminate bullying in children with ADHD could potentially reduce the risk of having psychotic experiences in later life by up to 50%. Clinicians should thus screen for bullying in routine assessments of children with ADHD.
Introduction
Attention-deficit/hyperactivity disorder (ADHD), that is prevalent in approximately 3%-5% of children, 1, 2 has been found to be a common precursor of psychotic disorders in medical register studies [3] [4] [5] as well as in retrospective [6] [7] [8] [9] and prospective studies. 10, 11 A recent study found childhood ADHD not only to be more frequent in patients with a first-episode psychosis than in the general population but also to predict poorer response to treatment. 12 However, the developmental trajectories and mechanisms behind the association between ADHD and psychotic disorders are unknown. Longitudinal designs including mediation analysis can help to shed light on them.
Consistent with traditional developmental models of psychosis, 13 our conceptualization is that ADHD represents a risk indicator in the premorbid phase of psychosis that is associated with an increased likelihood of psychotic experiences in the prodrome that in turn precede the full-blown disorder. Despite promising interventions to prevent the "late" transition from the prodrome to the disorder, their outcomes to date are limited and there still is a substantial amount of transition to psychosis. 14, 15 Therefore, the "early" transition from the premorbid phase to the prodrome is a worthy target of examination. 16, 17 One possible mediator between ADHD and psychotic experiences is childhood trauma. Children with ADHD are inattentive, impulsive, and have a tendency towards risk and sensation seeking with the consequence that they are more prone to accidents 18, 19 and to being injured than the general population. 20 In a representative study, adults diagnosed with ADHD in childhood retrospectively reported more physical and sexual abuse than adults without ADHD. 21 Similarly, posttraumatic stress disorder was more common in adolescents with ADHD than in adolescents without the disorder. 22 Childhood trauma is also a common experience in individuals with psychotic disorders. [23] [24] [25] According to the traumagenic neurodevelopmental model of psychosis, traumatic experiences disturb stress regulation mechanisms and establish an enduring oversensitivity to stress which renders people vulnerable to future psychosis. 26, 27 Putting the pieces together, ADHD may increase the risk of traumatic experiences in childhood which in turn increases the likelihood of psychotic experiences.
Another possible mediator between ADHD and psychotic experiences is bullying. Compared to their nonaffected peers, children and adolescents with ADHD are more likely to be bullied as well as to bully others. 28, 29 Factors that contribute to being bullied by peers are being different in some way and having poor relationships with teachers and peers. 30 Studies find that children with ADHD are less liked and more often rejected by peers, have fewer close friends, and are more likely to have friends who exhibit deviant behavior. 31, 32 Having been a victim of bullying in childhood is also frequent in people with psychotic disorders. 33, 34 Consequences of bulling have been found in emerging psychotic experiences and symptoms, not only in pure victims but also in those who are both victims and perpetrators (bully/victims) and in pure bullies. [35] [36] [37] Summing up, children with ADHD are more likely to be involved in bullying compared to children without ADHD and children who are involved in bullying are more likely to have psychotic experiences in adolescence.
To conclude, there is evidence that ADHD is associated with trauma and bullying and that trauma and bullying are associated with psychotic experiences. However, so far, no study has tested whether trauma and bullying explain the association between ADHD and psychosis that has been found in previous research. In a prior study on data from the Avon Longitudinal Study of Parents and Children (ALSPAC), we found the combined subtype of ADHD assessed at age 7 to be strongly associated with psychotic experiences at age 12 even when potential confounders and the occurrence of other disorders were controlled for (OR 3.35, 95% CI 1.59-7.07; Hennig et al 38 ). Moreover, although the full range of possible childhood disorders was assessed, the only other comparably frequent childhood disorder significantly associated with psychotic experiences at age 12 after controlling for other disorders was specific phobia.
In the present study, we further investigated the connection between ADHD combined subtype and psychotic experiences by testing whether it is, at least partially, mediated by traumatic experiences or involvement in bullying. As there is evidence that all childhood disorders are associated with an increased risk for psychotic disorders, 5 we repeated the analyses with specific phobia to investigate whether the mediation is specific to ADHD or represents a general feature of childhood psychopathology.
Methods

Sample
We analyzed data from participants from the ALSPAC (www.bristol.ac.uk/alspac). Initially, the children from 14 541 pregnancies with an expected date of delivery between 1 April 1991 and 31 December 1992 were recruited. These resulted in 14 775 live births and 14 701 children who were alive at 1 year of age. 39 The initial sample was bolstered with eligible cases who had failed to join the study originally, which after 8 years of age resulted in data being available for a total of 15 247 pregnancies. The children and their parents and teachers were followed up over a period of more than 20 years and repeatedly interviewed, tested, and asked to complete questionnaires on developmental and health-related topics. The study website contains details of all the data that are available through a fully searchable data dictionary: http://www.bris.ac.uk/alspac/researchers/data-access/ data-dictionary/. For the present study, all participants with data available on mental disorder status in childhood were selected, resulting in a sample of N = 8247. Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees. Written consent was provided by all participants.
Instruments
Mental Disorders. When the children were 7.6 years old, the ALSPAC team sent questionnaires from the Development and Well-Being Assessment (DAWBA) 40 to carers and teachers. The DAWBA contains closed and open-ended questions that are used to screen mental disorders according to the DSM-IV. 41 In an initial evaluation of the answers, a computer algorithm estimated the probability of fit between reported symptoms and disorders as defined by the DSM-IV. Afterwards, trained clinical raters reviewed all information according to a manual, rechecked the results of the computerized evaluation, and finally assigned the diagnoses. Good validity of the diagnoses assigned with the DAWBA has been confirmed. 42 Psychotic Experiences. At the mean age of 12.8 years, participants were interviewed following the semistructured Psychosis-Like Symptom Interview (PLIKS) 43 which is based on the Schedule for Clinical Assessment in Neuropsychiatry 44 and on the Diagnostic Interview Schedule for Children. 45 The interview starts with 6 questions on unusual experiences followed by 11 questions on psychotic experiences covering hallucinations, delusions, and thought interference during the past 6 months. The interrater reliability of the PLIKS has been found to be satisfying 43 with κ = 0.72. Trained psychology graduates from the ALSPAC team administered the interviews and rated every experience as not present, suspected, or definitely present, with the latter requiring a concrete example of a clearly psychotic experience. We used the classifications from a prior publication 46 on the ALSPAC data. Psychotic experiences were coded as present when at least 1 symptom was rated as suspected or definitely present and the symptoms were not attributable to the effects of sleep or fever.
Traumatic Events. From study child age 0.5-11.2 years, the carers were sent a total of 14 event-exposure checklists as described in another publication on the ALSPAC data. 47 Four checklists were sent when the children were in toddlerhood (age 0.5-2.8 y), 6 in early childhood (age 2.5-6.1 y), and 4 in middle childhood (age 5-11.1 y). From the events in the checklists, severe exposures were identified, namely physical and sexual abuse, death of a parent or sibling, and being taken into care. Following the procedure used in a previous study, 47 we composed a binary variable with a traumatic event being coded present vs not present when at least 1 severe exposure was reported from toddlerhood to middle childhood.
Bullying. At a mean age of 10.7 years, children attended the Bullying and Friendship Interview Schedule (BFIS). 48 The children answered 5 questions on whether they had experienced overt bullying (eg, physical aggression) and 4 questions on whether they had experienced relational bullying (eg, exclusion from a group). If they reported bullying, they were also asked if they had only received it (pure victims), or if they had only provided it (pure bullies), or if they had received as well as provided it (bully/victims). We used a derived variable on bullying status that was composed for the ALSPAC data in a previous study. 38 Bullying was coded as present when at least 1 experience had occurred 4 or more times in the past 6 months.
Statistical Analyses
All analyses were carried out using SPSS 24. Figure 1 shows the overall model that was examined. In a first step, we tested bivariate associations between the exposure variable, potential mediators, and the outcome. As all of the variables of interest were dichotomous (present vs not present), we calculated ORs to test the associations between ADHD combined subtype and psychotic experiences (path c), ADHD and traumatic events (path a1), ADHD and bullying (path a2), traumatic events and psychotic experiences (path b1), and bullying and psychotic experiences (path b2). We also calculated adjusted ORs by using logistic regression to control for the influence of sex, schizophrenia in parents or grandparents, maternal diabetes in pregnancy as an indicator of obstetric complications, and IQ 49 as these have been found to be associated with ADHD and psychotic disorders. 3, 11, 50, 51 In a second step, we conducted mediation analyses for those potential mediators that showed significant associations both with the exposure variable and the outcome. The mediation analyses were performed following the principles of Baron and Kenny 52 and an extension in regard to dichotomous outcomes. 53 The analyses were conducted using an SPSS macro that was developed for this purpose. 53 We also conducted additional mediation analyses by adjusting for the abovementioned covariates. Moreover, we calculated the proportion of the mediated effect as an indicator of effect size. 54 In a third step, we repeated the analyses with specific phobia instead of ADHD to evaluate whether the effects were specific to ADHD combined or a shared feature of childhood mental disorders.
Results
Participant Characteristics
Participant characteristics are shown in table 1. Complete data were available from 5497 children on DAWBA, PLIKS, and trauma and from 4950 children on DAWBA, PLIKS, and BFIS. Children with incomplete data in the trauma subsample were more likely to be male (OR 
Bivariate Comparisons
As can be seen from table 2, the bivariate associations between all variables were significant. Children with ADHD combined subtype compared to children without had a more than 3-fold increased risk of psychotic experiences at age 12 (OR 3.362, 95% CI 1.781-6.348; path c). Moreover, children with ADHD combined subtype had a 2-fold risk of experiencing a traumatic event (OR 2.199, 95% CI 1.119-4.325; path a1) and a more than 3-fold risk of being involved in bullying (OR 3.635, 95% CI 1.973-6.697; path a2). Children who experienced a traumatic event compared to those who did not had an increased risk of psychotic experiences at age 12 (OR 1.567, 95% CI 1.187-2.068; path b1) and children who were involved in bullying compared to those who were not had a 2-fold risk of psychotic experiences at age 12 (OR 2.005, 95% CI 1.684-2.388; path b2).
Mediation Analyses
Five or fewer (exact cells counts below 5 cannot be given due to ALSPAC privacy protection regulations) of the children who fulfilled criteria for both ADHD combined subtype and psychotic experiences also had a traumatic experience. As shown in table 3, there was no evidence of mediation through traumatic events as the indirect effect (path a1-b1) was not significant. Nine of the 14 (64.3%) children with both ADHD combined subtype and psychotic experiences were also involved in bullying. There was evidence of mediation through bullying as the indirect effect (path a2-b2) was significant. When the mediating effect of bullying was controlled for, ADHD no longer had an effect on psychotic experiences as indicated by the nonsignificant controlled direct effect. The proportion of mediated effect through bullying was 49.72% in the model without covariates and 41.28% in the adjusted model. However, there was only a trend effect (P = .060) for the significance of the indirect effect in the second mediation model that was adjusted for confounders.
We conducted additional exploratory analyses to investigate which confounder was responsible for the reduction in the indirect effects. Adjusting for any single confounder or any combination of confounders without sex resulted in the significant indirect effect. However, adjusting for sex along with any other confounder reduced the indirect effect to trend level, indicating that sex was the most influential confounder to the mediation. As there were fewer females than males among the 9 children affected by all 3 conditions (ADHD combined subtype, bullying, and psychotic experiences), we repeated the adjusted mediation analysis with boys only and found the indirect effect to be significant.
Comparison With Specific Phobia
As can be seen from table 4, children with specific phobia compared to children without had a more than 2-fold increased risk of psychotic experiences at age 12 (OR 2.217, 95% CI 1.155-4.259). However, they did not have a significantly increased risk of being involved in bullying (OR 1.231, 95% CI 0.666-2.275).
Discussion
As expected, ADHD combined subtype at age 7 was significantly associated with bullying at age 10 and bullying was significantly associated with psychotic experiences at age 12. These bivariate associations were not just due to the children's sex, IQ, or indicators of genetic liability and obstetric complications. In line with our expectations, bullying significantly mediated between ADHD and psychotic experiences, accounting for up to half of the effect. By controlling for confounders, we aimed to further corroborate the postulated causal pathways. Although the model adjusting for sex reduced the indirect effect to trend level, this indirect path nevertheless rendered the direct path insignificant, indicating mediation. Moreover, the indirect effect was significant when analyzing the boys only. As there were very few girls with ADHD who had experienced both bullying and psychotic experiences, no meaningful analyses could be conducted for the subsample of girls. Thus, we need to remain open to the possibility that being involved in bullying as an explanation for the trajectory from ADHD to psychosis could be restricted to boys who more likely are to be affected by ADHD combined subtype.
1 Specific phobia at age 7 was significantly associated with psychotic experiences at age 12, but not with bullying at age 10, thus, there was no evidence of mediation. Specific phobia was the only disorder at age 7 that was significantly correlated with psychotic experiences at age 12 aside from pervasive developmental disorder that was too rare to include it into the analysis. 38 Thus, our findings indicate that the mediation through bullying could be specific to ADHD. Nevertheless, the question of specificity needs further investigation in other, and if possible larger, samples, before firm conclusions can be drawn.
ADHD combined subtype was also significantly associated with the occurrence of a traumatic event between birth and age 11 and traumatic events were significantly associated with psychotic experiences at age 12. Again, these associations were not explicable by potential confounders. In contrast to our expectation, we did not find evidence of mediation between ADHD combined subtype and psychotic experiences through traumatic events. This seems to indicate that ADHD and traumatic events have independent influences on psychotic experiences. However, as the numbers in the cells were small, there may be a small mediation effect that can only be detected in larger samples. Moreover, we cannot rule out the possibility that early traumatic experiences, that occurred prior to the assessment of ADHD at age 7, contributed to the development of ADHD and not vice versa. As the combination of ADHD combined subtype and traumatic events between 0.5 to 11.1 years was rare, we could not further subdivide the age span in order to focus exclusively on traumatic events in middle childhood.
This study is the first to show that bullying mediates between ADHD combined subtype in childhood and psychotic experiences in early adolescence. There are several possible mechanisms for the mediating role of bullying: Children with ADHD tend to be impulsive and strive for immediate rewards. Bullying might serve to directly satisfy their needs and induce a feeling of power and peer regard they cannot attain in a socially acceptable way. In the long term, however, children who bully others fail to establish positive social relationships and are at an increased risk of various adversities including criminality and drug misuse. 55 Children with ADHD are also more likely to become victims of bullying as they lack friends 31, 32 who could help them to defend themselves against being bullied. Consistent with cognitive models of delusions, 56, 57 social exclusion promotes the manifestation of psychotic ideas due to a lack of social correction to misinterpretations of anomalous experiences. This process is accompanied by feelings of anxiety, depression, and negative beliefs about oneself that have also been found to mediate between bullying and psychotic experiences. 58 To conclude, we assume that social exclusion along with negative affect and dysfunctional self-related beliefs are key mechanisms in translating ADHD to psychotic experiences.
Based on our findings, we expect the prevention of bullying to reduce the risk of psychotic experiences in children with ADHD combined subtype by up to 50%. Even though most adolescents with psychotic experiences do not develop psychotic disorders in later life, 46, 59 our finding is clinically relevant because psychotic experiences nevertheless represent one of the strongest risk factor for psychosis we know of so far. 46, 60 Moreover, there is evidence that the occurrence of psychotic experiences is not only a specific risk factor for psychotic disorders but also a general risk indicator of nonpsychotic disorders. 61, 62 In contrast to genetic or biological influences, bullying is susceptible to psychological and psychosocial treatment. Interventions to prevent bullying should be implemented at the school, class, and individual level and include parents, teachers, and peers. 63 There is evidence that training teachers to improve the peer regard of children with ADHD can ameliorate social problems 64 and thus might be a promising intervention to prevent bullying. This approach might not only prevent students from bulling their classmates with ADHD but also prevent children with ADHD from bulling their peers in order to achieve peer regard.
Limitations
Three limitations regarding our study should be mentioned: First, it is reasonable to assume that more children experienced a traumatic event than were identified, because only children's carers were asked. Sexual abuse frequently takes place within the family environment 65 and carers are unlikely to report events they were involved in themselves. Moreover, children might not have reported all incidents to their carers as traumatic events are often accompanied by feelings of shame and self-blame. 65 Second, there was attrition from the assessments at age 7-12. There was more missing data in children with ADHD combined subtype and psychotic experiences who as a consequence were underrepresented in the bullying mediation analysis. As ADHD combined subtype and psychotic experiences were the variables of interest, the power of the analysis was thus reduced and the effect might be underestimated. Despite this selective drop out and the resulting reduction of statistical power, we found the hypothesized mediation effect for bullying. Moreover, a simulation study of the ALSPAC data found that even though there was selective drop out, the validity of regression models was only marginally affected. 66 It would have been interesting to additionally include ALSPAC data from a second assessment of psychotic experiences conducted at age 18. However, there was substantial selective drop out for this time-point that made meaningful analyses impossible.
Third, we cannot rule out that psychotic experiences preceded ADHD and bullying. However, the pathway we postulated is in line with generally accepted developmental models of psychopathology. ADHD is thought of as a neurodevelopmental disorder with strong genetic and biological underpinnings that are expressed early in behavioral symptoms. 67 Consistent with the pathway proposed by us, there is evidence that bullying contributes to psychotic experiences even when previous psychotic experiences are controlled for. 68 We also planned to examine the impact of the bullying role (ie, pure bully vs pure victim vs bully/victim) on the mediation. However, the cell counts were too smallespecially for pure bullies-to perform this type of analysis. Future research should investigate the relevance of the bullying role as there is evidence that bullies, victims, and bully/ victims differ in their adult psychopathological outcomes. 55 
Conclusions
Our findings corroborate the notion that bullying is a central translating mechanism between ADHD and psychotic experiences that in turn are risk indicators for psychotic and nonpsychotic disorders. Thus, in agreement with other researches, 69 we suggest that healthcare professionals are well advised to include screening and interventions aimed at bullying in their routine assessments and treatment of children with ADHD. In addition, schools and other social institutions should engage more strongly in protecting children from bullying and other forms of aggression from an early age on in order to prevent serious consequences on mental health and well-being.
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